The scientific studies and expert judgnent have sought to answer two
questions about the health risks of Ol: Are there any known hazardous
chem cal s emanating fromthe site that can be detected in the surrounding
nei ghbor hoods? Are there any denonstrable ways in which the health of
current residents differs fromthe health of people living in nearby
control communities? W consider each question in turn.

The Regional Water Quality Control board has nonitored the ground water
supply continually since 1976 and has found no evidence of contamni nation.
In April, 1983 the off-site level of vinyl chloride, a carcinogen, was
measured at 19 ppb, which exceeds the California regulatory |evel of 10
ppb.  However, workers experiencing exposures 170 to 500 tinmes these |evels
have not experienced health problens and nore recent random sanpl es of air
wi t hin homes showed no detectable |evels of vinyl chloride gas (above 2
ppb). No ot her hazardous chenical s have been detected in appreciable
quantities in off-site air nonitoring. Thus, Satin, Huie, and Croen (1986)
in a study conducted by the California Departnent of Health concluded that
"the recent environnental nonitoring of the area indicates that with the
| evel s of chemcals found, long-term (health) problens would not be
expected to occur."

The one potentially serious carcinogen detected off-site is vinyl
chloride. Calculations of the cancer risk from exposure to vinyl chloride
in the highest amounts detected therefore provide an upper bound to the
risk. The USEPA (1985) Carcinogen Assessnment Group estimated that the unit

risk for exposure to vinyl chloride over a 70-year lifetime at a
concentration of 1 my/nf is 2.6x10-°. The concentration of 1 ng/né

corresponds approximately to a concentration of .38 ppb, which, if adjusted
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linearly from a 70-year exposure to a one-year exposure, is equivalent to
26.9 ppb, 140 percent of the highest nonitored level of OI. Dividing the
EPA unit risk for exposure by 1.4 gives an estinmated annual risk of 1.86 X
10-° for residents exposed at 19 ppb for one year. However, residents
nearest O have lived there as Ilong as nine years (since 1977). The

maxi mum cumul ative risk might then be as nuch as nine times higher or

1. 67x10-°. It should be noted that these risk calculations are likely to
be serious overestimtes because the 19 ppb level represents the highest
24-hour average val ue ever obtained near the site and because vinyl
chloride concentrations have been bel ow detection since then. Thus, our
assumed exposure of 19 ppb cannot be characterized as typical for any
individual living near the site but rather represents an extreme upper
bound for possible exposure.

A second approach to assess the health risk has been to conpare health
status of residents living near Ol to others living in the Los Angeles
metropolitan area. A study conducted by the Los Angel es County Department
of Health Services in 1983 concluded that no consistent pattern of absences
from school had occurred around the landfill. Nearby residents had not
suffered excess nortality, nor had they experienced nore adverse outcones
of conception than had residents in other parts of Los Angeles County. O
course, current epidenmological studies may not indicate serious health
effects that may arise in the future because of, for example, the |ong
| atency periods for many types of cancer.

The California Departnment of Health has conducted a survey of residents
living near the O Landfill and residents of conparable control
comunities approxinately ten niles away. There were no statistically
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significant differences between the Ol area and the control comunities in
terms of nortality or increased incidence of adverse pregnancy outcomnes,
cancer, and liver disease. There was a statistically significant
difference in self-reports of headache, sore throats, sleeping problens,
eye and skin irritation, and feeling tired (see California Department of
Health Services, 1986). These reported health problenms were greater in

t hose nei ghborhoods near O where odor was nore frequently a problem
However, toothaches were also nore frequently reported in nei ghborhoods

| ocated near OI. Because there is no known biological mechanism for

toot hache involving any of the possible toxic chemicals at the landfill
site, this finding suggests that residents nmay have sinply nonitored their
health nore carefully or just renenbered these m nor health problens better
because they were aware of the possible association with OI.

In summary, although the QI Landfill is not a pleasant place, there is
no indication that it has caused serious health problens, nor is there
reason to believe, based on water and air nonitoring, that there are likely
to be nmajor health problens in the future. The possibility does remain that
there is some as yet undetected toxic chemical associated with one odor
fromthe landfill.

4.4 Residents’ Judgnents of the Health Risk.

In the fall of 1985, we conducted a mail survey to gather judgments of
health risk from people living near the Ol site. From naps, reverse
t el ephone books provided by Pacific Bell, and records of real estate
transactions, an address list of 1912 residences near O was constructed.
Surveys were mailed to all 1912 known addresses. Using standard follow up
remnders (Dillman, 1978), we obtained responses from 768 residents, which
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after adjustnent for bad addresses represent 45 percent of the origina
sanpl e.

The survey questionnaire assessed residents’ beliefs about health and
safety risks, odor problens, sources of information about the site, and
attitudes towards local, state and federal officials, the news media and
landfill operators. The questionnaire also included standard
soci odenogr aphi ¢ questions.

On a “risk ladder” (see Figure 4.2) respondents matched their belief
about the risks they faced fromthe A1 Landfill to specific levels of risk
defined in terms of the probability of death. Respondents reported
retrospectively their belief about risk before site closure as well as
their current belief about risk after site closure

Figure 4.3 shows on | og scales the frequency distributions of
subjective health risk both before and after closure of the 011 Landfill.
There are two striking features of the frequency distribution of subjective
health risk before closure of the site. First, there is a wde diversity
of opinion; every category on the risk ladder received responses. Second
the distribution is binmpdal with a sizable proportion of the respondents
estimating the risk around 10°° and 10?2, approximately the risk of snoking
at least one pack of cigerattes per day and another segment of the sanple
clustering around estimates of the risk between 10°° and 10°°
approximately the risk from the average consumption of saccharin. In other
words, some residents believed the risk to be very large whereas others
judged the risk to be very snall

In Chapter 3 we obtained a sinilar binodal distribution of responses in
a laboratory study of risk decision making with |ow probability risks. The

distribution from the laboratory experiment was very simlar to the
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FIGURE 4.2
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distribution in Figure 4.3(a). Oher researchers have also observed a
simlar binodality. As Slovic, Fischhoff, and Lichtenstein (1981) have
noted, “people often attenpt to reduce the anxiety generated in the face of
uncertainty by denying the uncertainty, thus making the risk seem so snmal

it can safely be ignored or so large that it clearly should be avoided.”

It therefore appears that binodality of risk judgnents characterizes
responses to low probability risks: sone people “edit” the risk away while
others may exaggerate its inportance

Figure 4.3(b) shows the frequency distribution of beliefs about risk
after closure of the site. The binmodality, although present, is much |ess
pronounced than for judgments before closure, and the judgments of risk are
in general |ower.

For purposes of subsequent analysis, we constructed a new binary health
belief variable that indicated the node for each respondent’s judgment of
risk. The dividing |ine between the two nodes is the letter L on the risk
| adder, approxi mately 5x10°* per year. Approximately 51 percent of the
sample was in the high health risk node before closure

4.5 Conparison of Expert and Resident Health R sk Beliefs.

The epideni ol ogical studies have found virtually no health risk, so
from that perspective alnost all the respondents believe the health risk to
be higher than the expert estimate. |If we use the calculated risk for the
one extreme recorded exposure of vinyl chloride as an upper bound for the
scientific risk (1.67x10°) then the half of the sanple in the upper health
risk mode (the cut point equals 5x10°%) overestimates the health risk by at
| east one order of magnitude. The binodality also inplies that whatever
the true risk, approximately half the respondents seriously misestinate
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that risk. Either those in the high node are greatly overestimating the
true risk or those in the | ow node are greatly underestinating the true
risk. For all these reasons it is reasonable to include that the

subj ective health risk beliefs for many respondents differ substantially
from the expert judgnents.

A comparison in Figure 4.3 of the frequency distributions of beliefs of
risk before and after closure of the site al so suggests another way in
which the beliefs of residents are inaccurate. There was a substantial
believed reduction in health risk as a function of site closure. However,
at the time of closure O had al ready stopped accepting hazardous materi al
and whatever toxic chemnicals may have emanated fromthe site before closure
woul d be just as likely or even nore likely to emanate fromthe site after
closure. Thus the aggregate reduction in subjective judgnents of the
health risk cannot be accurate.

4.6 A Model of Subjective Beliefs About Risk.

The great variation in estimtes of subjective health risk suggests
that those judgments nust be due in part of psychol ogical and sociol ogical
factors other than a perception of the true health risk. It is therefore
interesting to nodel subjective health risk judgnments using psychol ogical
and soci odenographic variables assessed in the survey. Potential variables
for inclusion in the nodel are described below in conceptual groups.

Experiential Variables. The nmore that experience has made one aware of
the potential health problens from the landfill, the higher one's estimte
of the health risk is likely to be. Thus, the nodel includes variables
whi ch assess awareness of the potential problem through several sources.

In particular, the nodel includes respondent awareness of nedia
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attention to the problem and perception of odor fromthe site as
experiential variables. Also included is geographic distance to the site
as a proxy variable for other experiential effects. Presunably, those
respondents who live near the landfill will have had nore visual rem nders
of the potential health hazards.

Soci odenographic  Variables. Judgments of health risk may vary as a
function of various sociodenographic variables. For exanple, ol der
respondents will have necessarily survived a nunber of hazards and may
therefore place the present landfill risk in a different context than a
younger respondent who is raising children. Although we do not have
specific hypotheses about the risk effects of these variables, we exam ne
income, education, age, gender, nunber of children living at hone,
occupation, and ethnicity as possible conponents in a nmobdel of health risk
j udgnent s. It is possible to examne ethnicity because of the high
proportion of Asian-Americans in this sanple.

Site Closure Variable. As already noted, the nean judgnent of the
health risk was |lower after closure of the site to further dunping. W
therefore include an indicator variable to mark whether the estimted
health risk is for before or after closure of the site.

Heal th Ri sk Dependent Variable. The strong bimdality in the
distribution of health risk judgnents suggests that the error from any
model of those judgments would be unlikely to neet the usual distributional
assunptions necessary for statistical tests. Also, we are nore interested
in the correlates of which mbde a respondent is in father than the mnor
variation within each node. So, the subjective health risk scores were
recoded to reflect node: those in the upper node received a score of 1 and
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those in the |lower mode received a score of 0. This recoding does not
solve all the problens with the error structure because ordinary | east
squares (QLS) analysis of binary data can be problematic. W therefore
perform both OLS and PROBIT analysis. Conputer limtations constrained the
nunber of variables possible in the probit analysis with this many
observations, so we used OLS to screen variables for inclusion in the
probit analysis.

4.6.1 Model for Health Risk Judgnents.

Table 4.1 gives the partial regression coefficients and their
associated t statistics for both the OLS and PROBIT analyses. Both
anal yses produced exactly the same conclusions. W therefore discuss the
results in terns of the OLS regression because it is generally easier to
under st and. It should be remenbered that the statistical tests are for
partial regression coefficients. That is, the test asks whether the given
variable reliably explains a portion of the variation in health risk after
controlling for all the other variables included in the nodel. Wth
covariation anong the predictor variables this can produce conservative
concl usions about the inportance of a variable.

As expected, the site closure variable is a statistically significant
component of the mpdel even after controlling for all the other variables.
Al three experiential variables had significant coefficients. COdor in
particular stands out as an inportant predictor of subjective health risk
Di stance fromthe site was also a significant predictor after controlling
for odor perceptions. Thus, there nust be other perceptions or concerns
associated with distance besides the perception of odor which affect
judgrments of health risk. Frequency of exposure to nedia attention about

the site also predicted increased health risk judgnents.
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TABLE 4.1

Regressi ons Explaining Subjective Health Risk
Before Closure of the Qperating Industries Inc. Landfill

Variabl e Name Mean Std. Dev. Estimated Coefficients (t in parentheses)
DEPENDENT VAR as Pr obi t
Subjective Health Risk 0.415 0.49

(1if in upper node
0 if in lower node)

| NDEPENDENT VAR

Const ant 0.57 -0.67
(1.78) (-2.26)
Cosure Dummy Var.
(1 before closure) 0.52 0.50 0.094 0.29
(0 after closure) (2.77) (2.681
Experiential Var.
requency of hearing or 4.11 0.96 0.037 0.14
reading about QI problens. (2.16) (2.61)
Percei ved odor problens 16. 45 14.35 0.013) 0.040
(9.83) (9. 44)
Distance fromsite 11.50 7.07 -0.0083 -0.028
(bl ocks) (-3.53) (-3.78)
Soci o- Economi ¢ Var.
Nunber of peopl'e under 0.91 1.05 0. 047 0.12
18 living I n house (2.64) (2.27)
Age of respondent 48. 48 12. 63 -0.0035 -0. 0097
(-1.98) (-2.14)
I ncone 47.631 22,038 0. 354E-6 -
(0. 45)
Sex of respondent 0.79 0.41 -0.12 -0.31
(0 female) (-2.91) (-2.52)
(1 male)

| evel of education
(1-9) 6.34 1.91 0.0019 -

. (0.18)
Cccupation Var.
(Sales or Managerial = 1;
service. Repair. Labor,
or .Farn1Fishery = -1
Retired = 0) 0.39 0.84 -0.00078 -
(-0.038)
Ethnic Var.
#1 (Caucasian = 2,
Asian or Hsp. = -1) -0.17 1.28 0. 00076 -
(0.056)
#2 (Caucasian = 0;
H spanic = -1;
Asian = 1) 0.22 0.79 0.030 -
(1.45)
Sanple Size 762
R . 0.282
Li kel i hood Ratio Test 238. 87
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It is inportant to recognize that a cross-sectional survey such as this
must necessarily suffer from causal anbiguity. For exanple, we have
i ncluded frequency of exposure to nedia attention as a predictor of health
risk judgnents. However, it might be the case that someone who becones
concerned about the health risks will pay nore attention to and seek out
media reports about the problem Sinilarly, someone who is concerned about
the health risk may be nore alert for the odor problem and hence report
havi ng experienced it a greater nunber of tines.

It is interesting to ask whether sociodenographic variables can explain
variation in health judgnents over and beyond the variation attributable to
the nore direct experiential and perceptual variables. Having
statistically controlled for the experiential variables, any effects of
soci odenographic variables represent largely attitudinal effects. The two
soci oecononic status variables of incone and education had inconsequenti al
ef fects. Thus, it is not true that those who had nore to | ose economically
were nore concerned about the risk. However, the number of children |iving
at hone was a significant predictor so in that sense those who had nore to
| ose were nore concerned about the risk. Age of respondent is obviously
correlated with having children living at honme but age predicted variation
over and above that variable. The direction of the effect is that younger
peopl e thought the hazards of the site were nore risky. Gender also made a
significant difference with fenales believing the site is nore risky than
did males. A coded variable contrasting managers and sal es people against
service, labor, and repair occupations (those in the latter group are
presumably exposed to nore on-the-job risks) indicated no differences in
risk judgments. Similarly, two variables coding ethnic group (one
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contrasting Caucasians with Asian-Anmericans and Hi spanics and one
contrasting Asian-Anmericans with H spanics) yielded no significant
differences. There are, therefore, no suggestions in this sanple of any
occupational or cultural differences in the evaluation of risk.

A reasonabl e nodel of judgments of the health risks associated with the
Ol Landfill site includes the follow ng conmponents: site closure, nedia
exposure, odor, distance to site, nunber of children living at hone, age,
and gender. This model accounts for approximtely 28 percent of the
variation in the coded health risk variable. This is substantial for a
nodel of this type, especially given that the dependent variable is
binary. \Wat does the nmobdel nmean? First, the inportance of the perceptual
odor variable above and beyond the other variables is striking. It is easy
to speculate that without vivid, perceptual cues fromthe site, risk
judgrments would be greatly reduced. More inportant than the specific
pattern of significant coefficients, however. are the follow ng
conclusions: (a) there is great variability and binodality in judgnents of
health risks; (b) many respondents have inaccurate beliefs about the extent
of the health risk; and (c) the variation in health risk judgnents is not
random but can be related to systematic differences anong respondents.

4.7 Real Estate Markets Around O I.

In this section we analyze the role of perception and risk judgnents on
the real estate market in the area around the O Landfill. However, in
analyzing the real estate market near the QI Landfill, individual
perceptions and attitudes are of l|ess inportance than the collective
perceptions and attitudes of individuals residing in neighborhoods in the
vicinity of the waste site.

Al'though residents may well be willing to sell at a price adjusted
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downward by their willingness to pay to avoid any subjective risk
associated with proximty to the Ol Landfill, they are likely to |ist
homes, after consulting a realtor, at the “going” market rate. Thus
sellers will attenpt to obtain a price higher than their actual willingness
to sell. In effect, sellers will try to obtain some consuner surplus as is
normal in all conpetitive markets. In fact, in a neighborhood the supply
curve will be shifted to the right to the extent that homeowners within a
nei ghborhood feel that the Ol poses a risk. Thus, the greater the
percentage of honeowners in a nei ghborhood who feel that the O Landfill
poses a threat, the further the supply curve will be shifted to the right
relative to an initial supply curve that assumes no honeowners in the

nei ghborhood feel threatened by the site. Thus, the observed price for
hones in a particular nei ghborhood will fall as nmore homeowners in a

nei ghborhood feel threatened. Unfortunately, we have no information on the
subjective risk beliefs held by potential purchasers who nake up the demand
curve; but note that sixty-two percent of recent purchasers were not aware
of the site when they bought their homes, despite local requirenents for
information disclosure to new buyers. Those that were aware nmay, of

course, have lowered their offered bids, shifting the demand curve downward
to the left, causing a further decline in observed prices. Since we have
no data on subjective risks by neighborhood for prospective purchasers, we
nmust assune that the subjective risk of residents neasured for each

nei ghborhood around the Q1 Landfill can proxy for that of purchasers in
our reduced form estimated property value equation. Thus, we focus on the
devel opment of neighborhood rather than individual neasures of perceived

odor problenms, subjective health risk and explosion risk. In order to
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provide the spatial distribution of the key variables for the property

val ue study, we plotted househol ds responding to the survey on an aeria
photograph of the area. Using the aerial photograph, the area around the
site was divided into neighborhoods with about 10 to 15 data points in each
nei ghbor hood. Having identified responses within a given neighborhood
perception characteristics can be attributed to hones sold in nei ghborhoods
and used as independent variables in the property value study. Figure 4.4
shows how judgnent of health risk is spatially distributed around the site
both before and after closure of the landfill. The number used for each

nei ghbor hood represents subjective health risk as the fraction of residents
who lie in the upper node of the bimodal distribution of risk perception.
Therefore, values of the subjective risk neasure will fall between 0 and 1,
wi t h nei ghborhoods having a high nunber of upper node residents approaching
1 and nei ghborhoods with a | ow nunber of upper node residents falling near
0. The Figures generally show that in neighborhoods closer to the

landfill, the fraction of residents with a high level of health risk
perception is larger. In the discussion that follows, the effects of
perceptions and subjective judgments on property values is explored

4.7.1 Property Values Near the QI Landfill.

Residents in the vicinity are troubled by a decline in the value of
their property that they believe is caused by the location, size and the
presence of hazardous wastes at the QI Landfill. The effects on property
values are further aggravated by intensive media coverage that has tended
to focus on the possible risks and the presence of odor problens, which has

appeared to have strongly influenced perceptions and subjective judgments

within the area.
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FIGURE 4.4
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The Hedonic Price Method (HPM attenpts to value certain environmental
amenities (or disamenities) by studying markets in which an environnental
attribute may be captured (See Rosen 1974). In this case, the value that
people hold for avoiding hazardous waste problenms may be proxied by
relative declines in the real estate market near the hazardous waste site.
The nodel postulates that the value of a home is a function of the quantity
and quality of certain physical attributes of the hone and neighborhood
including perceived environnental conditions. By estimating a reduced form
property value equation, the relative role of each of the factors can be
determined, including the relative inportance of perceived environnental
conditions in determning the value of hones.

W& obtained property value data through a real estate infornation
network. These data included hone sales information and characteristics
from August 1983 through Novenber 1985 (which spans the closing of the Ol
Landfill late in 1984). Conbining current property sales data from
secondary sources with current perception and subjective judgnment data from
the survey has made it possible to construct a hedonic model to explore how
perceptions and subjective judgments affect property values. As discussed
above, subjective risk and perceived odor data were grouped into
nei ghbor hood vari abl es.

Nei ghbor hood subjective risk and perceived odor data are available
for both before and after closure of the Ol Landfill. Therefore, there
arises a question about the timng of the shift from before to after
closure risk judgnents and perceptions. It was hypothesized that a |agged
effect would be present and that before closure perceptions would persist

(at least in terns of buyers noving to the area) past the date that the Ol
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Landfill actually closed. A six nonth lag was used, evenly splitting the
period between the two points in tine for which subjective risk and odor
perception information was obtained. The QI Landfill officially ceased
accepting additional wastes on the |ast day of COctober 1984, but home sal es
during the first 6 months followi ng the closure were assigned the
nei ghbor hood subjective risk and perceived odor values that were present
before closure. A linear functional form was used in specifying the
equations because of the ease in interpreting the coefficients and because
results obtained fromalternative log forns were not significantly
different.

4.7.2 Property Val ue Model

In the secondary data set, 179 hone sales were identified within the
area near the Ol Landfill during the 28 nmonth period. The data was pool ed
in order that information on both before and after closure could be
included in the analysis. Table 4.2 shows the results of four node
specifications corresponding to the inclusion of subjective health risk,
subjective risk from expl osion, perceived odor and all three
respectively. The results suggest that subjective health risk may be the
primary factor causing a decline in property values. Wth a coefficient of
$-13,719 and a t-value of -1.80, it appears that the effect of subjective
health risk is both significant and non-trivial. Neither subjective
expl osi on risk nor perceived odor appears to be significantly contributing
to the fall of property values. Considering the change in the size of the
coefficient on subjective health risk fromthe first specification to the
fourth, it appears that the nmulticollinearity between subjective health
ri sk, subjective explosion risk and perceived odor is sufficient to cause
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TABLE 4.2

HEDONI C PROPERTY VALUE REGRESSI ON
For Homes Near the Operating Industries Inc.

Landfill in Mnterey Park. California
Variable Name Mean Std. Dev. Esti mat ed Ooeszicients (t in parenthesesh)
1 3

Dependent Var.

Sale Price ($) 135, 863 35,253

nggfgggem v 96,231. 1 90, 674.9 95,711.9 95, 560. 0

(8.26) (7.72) (7.65) (7.70)
i i ] 0.41 0.20 -13719.8 - - -22051. 7

Subjective Health Risk! (1. 80) C2.07)

Subj ective Risk Front 8.43 3.26 -5.66 865. 8
ijpl osi on (-0.014) (1.53)

i 3 17.43 7.20 - - -184.1 -88.9

Per cei ved Odor (20.95) (20.35)

Date of Home Sale 15.1 7.7 491.8 647.2 581.0 464.7
by month (2.70) (3.83) (3.29) (2.52)
(08/83 - 1,08/85 . 25)

Area of Hone (ft2 -0.041 475.5 50. 63 49.61 50. 61 51.09
(X - SgFt) (ft) (9.04) (8.81) (8.87) (9.00)
" (ft2)2 224,807.3 262, 400. 7 0.021 0.0194 0.0191 0.019

(3.83) (3.61) (3.56) (3.68)

Nurber of bat hr oons 2.0 0. 64 488.0 1,653.6 1,062.7 538.5

(0.12) (0.41) (0.27) (0.13)

Year Hone Built 58.8 9.8 523.4 454.0 457.7 499.3
(i.e., 77, 84, 56) (2.82) (2.44) (2.51) (2.66)
Swi i ng - Pool ) 0.17 0.38 13,354.0 12,564. 4 12,614.2 13,153.0

(0 if nopool; 1if pool ) (4.00) (3.76) (3.79) (4.19)

Scenic View From Home 0.07 0.26 1,554.3 1,636.8 1 ,633.6 1,145. 4

(0if noview 1 if view (0.31) (0.33) (0.33) (0.23)
Fi r(%pllef\ce i nfl-bmf 0.45 0.50 -603. 4 -1,219.5 -883.9 -502. 2
if no fireplace; -0.21 -0.42 -0.30 -0.17
10 Fireplace) (-0.21) (-0.42) (-0.30) (-0.17)
Pr (())ii rln'fty' : ﬁ' Hzghl\)l\lay ) 0.06 0.24 -12.173.8 -10.831.3 -10,776. 1 -12,331.5
if within ocks; -2.35 -2.09 -2. -2.36
O ot herwi se) ( ) ( ) (-2.09) ( )

Re ' 0.802 0.798 0.799 0. 805

sanple size 179

1This variable represents the fraction of respondents within a nei ghborhood who responded to survey Question 12 with a
subj ective health risk greater than 5 deaths in 10.000 (atop L). Hones sol d prior to Miy 1985 were assi gned a val ue

corresponding to before closure subjective risk, and hone sold after May 1985 were assighed the Corresponding risk value
for after closure subjective risk.

2This variable represents a logarithnic scale from1 (no risk) to 26 (certain risk) taken fromresponses to question 13 of
the survey. Each nei ghborhood was assigned the nean value of responses within that nei ghborhood with home sold prior to

May 1985 receiving the mean before closure value and hone sold after May 1985 receiving the nean of the after closure
val ue. - -

$This variable represents the product of frequency and intensity of perceived odor problems fromresponses to Question 11
in the survey. The resulting scale goes from1 (very small problen to 50 (very great problenj with hones sold prior to

May 1985 receiving the mean nei ghborhood val ue before closure and homes sold later receiving the mean nei ghborhood val ue
after closure. -
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sign changes in the coefficient on subjective explosion risk and to alter
the coefficients on odor and subjective health risk. However, it is clear
from the individual specifications that odor and risk from explosion are
much less significant in explaining the observed property value decline.

O her significant variables in the nodel include the date of home sale, the
area of the home, the year the home was built, presence of a sw nming pool,
and the proximty of the house to the Ponona freeway.

4.7.3 Assessnment of Total Subjective Danages Around the Site.

The coefficient on the effect of subjective health risk on property
values, as identified in the econonetric nodel, is $-13,719. To arrive at
a total assessment of property value damage for the area, the total nunber
of honmes in each neighborhood cell was identified from an aeri al
photograph. This nunber was nultiplied by the fraction of homes with a
hi gh subjective risk judgment in each neighborhood and by the coefficient
on subjective health risk ($-13,719) and then sumred over the sixty
nei ghborhoods.  This same procedure was followed using the after closure
fraction of residents in the upper node of subjective risk judgnent to
arrive at an after closure assessment of damages. The subjective benefits
of closing the landfill anmount to the difference between the before and
after subjective danmge assessnents. The before closure estimte of
subj ective damages anounted to over $27 million for the 4100 hones near the
site. After closure subjective damages anpunted to $13 million resulting
in a subjective benefit of closing amunting to $14 million.

These figures represent the magnitude of the real econom c damages that
residents in the area nust bear because of property devaluation in the area
of the O Landfill. These figures also indicate the effect that closing
the site may have had on property values and al so suggest the nagnitude of
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the potential benefits of better risk comunication if, residents and
potential home buyers could be convinced that the risk is truly snall.

4.8 Changing Subjective Health Ri sk Judgnents.

The evidence suggests that although the damages that have occurred to
property values are real, the danages depend on subjective health risk
beliefs which may change in response to factors other than objective
risks. Wth effective risk communication measures and the further
reduction of negative perceptual cues, property values may show a further
recovery from these subjective damages. The relevant question becones:
Does mitigation of subjective danages require a conplete and costly site
cleanup or can other neasures such as attenpts to conmunicate objective
risks along with nore linmted action to clean up the site provide a
satisfactory solution?

It appears that large benefits can be obtained by changing subjective
risk beliefs by conmunicating objective risk information to the public
living near Superfund sites, and that these benefits may substantially
exceed those from even elininating objective health risks that may exist.
In fact, commnity agreement that the problem has even been adequately
addressed seems unlikely as long as current subjective risk judgments
prevail . We concur with the conclusion of Covello, Von Wnterfeldt and
Slovic (1986) who state

the literature specifically focused on risk conmunication is
relatively small. Substantial progress has been nade on some topics
such as psychol ogi cal research on public perceptions of risk, but

| arge gaps exist in our understanding of virtually every issue

relevant to risk conmunication.

The inportance of better risk communication is well understood but the
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methods are lacking. In a study of public perception and response to EPA
war ni ngs concerning the risks of ethylene dibromde (EDB), Sharlin (1986)
anal yzed and conpared what EPA was trying to tell the public about the
risks of EDB to the information the public actually received through the
medi a about these risks. He found vivid contrasts between the public's
view of the health risks and the EPA's aggregate statistics on health
risks. The extent and nature of this contrast is an area that needs
further exploration.

Two main conclusions emerge fromthe Q1 study results: (a) subjective
health risks are likely to be overestimates of the objective risks and (b)
the overestimted subjective health risks are associated with significant
property value losses. In many respects it is simlar to the situation
described in Chapter 1 where a warning was issued for possible volcanic
activity. In several instances the overreaction to such warnings has
resulted in economic |osses due to property devaluations that far exceeded
the expected economic losses. VWhen, as in the case of the A1l Landfill,
total damages from the overestimates of risk are on the order of $27
mllion, a program designed to change subjective estimates of health risks
can easily be cost effective.

Figure 4.5 illustrates a schematic framework that integrates the nodel
of subjective health risk with the nodel of property values. The left side
of the Figure represents a nodel for subjective health risk estimtes of
i ndi vidual survey respondents. The right side of the Figure shows the
factors inpinging on property values. (The property value nodeling is
necessarily an aggregate analysis because property value changes could be
linked with subjective health risk variables only at the neighborhood
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FIGURE 4.5

A MODEL OF SUBJECTIVE HEALTH RISK AND PROPERTY VALUES

Perceptual Cues

Odor
Distance to Site ——)
Media Attention

Subjective Health Risk

Site Closure 3
s
Property
Values
2
Sociodemographics
Age Property Characteristics
Children
Gender Sq Ft.

Proximity to Highway
Age of Construction

Etec.

-112-



| evel .)

The nodeling of subjective health risk judgment points to two
conponents for possible intervention: perceptual cues and attitudes
associated with sociodenographic variables. O the two, psychol ogical
research shows that perceptual cues are nuch easier to change than
attitudes. Managing the perceptual cues which serve to remnmnd people about
the risk can be very effective in reducing risk estimates to nore
appropriate levels. The nanagenent of perceptual cues would involve such
things as reducing odor, reducing visibility of the site using plantings or
screening, reducing activity at the site (e.g., reducing nunber of trucks
entering and leaving), and reducing sensational nedia coverage of the
site. These are not necessarily easy to inplenent. Sone of these
strategi es such as reduced nedia coverage can only be recomended, not
mandated. O hers such as reducing odor and reducing activity are difficult
or inpossible to inplement short of closing the site. However, if such
reductions can be obtained, the managenent of perceptual cues can have
dramatic effects. If subjective health risks for a hazardous site are
overestimates of the objective risk, then the perceptual cues about the
risk should be nanaged as extensively as possible. The econom ¢ savings
obt ai ned by correcting and/or avoiding inappropriate property deval uations
are likely to be large

After major changes in the perceptual cues associated with closing the
site, many people maintained high risk estimates. These high risk
estimates translate via the property value equation into an estimated
remai ning | oss of about $13 million. This residual loss is due partly
to perceptual cues that cannot be easily nodified (visibility of the site
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and the nethane plant) and to risk attitudes. Gven that further
nmodi fi cations of perceptual cues are probably inpossible, further
reductions in subjective health risks and their associated effects on
property values could only be achieved by credible, effective

communi cations about the objective risk.

Ri sk attitudes and beliefs should be changed if health risks are truly
small. Changing attitudes is notoriously difficult and there are several
factors which conmpound the problem in this context.

First, many psychological studies (see Tversky and Kahneman 1974;
Slovic, Fischhoff, and Lichtenstein 1977) have shown that npst people have
troubl e understanding probabilistic information in general and expert
assessments of risk in particular. To be understood, expert assessments
are best conmuni cated by conparing new risks to better known risks such as
snmoki ng and X-rays rather than presenting technical measures such as
mortality rates for a given exposure. No information of the appropriate
type of risks has been provided to residents near the A1 Landfill.

Second, to be effective, risk communication nmust come fromcredible
sources. Figure 4.6 shows how credibility is perceived anong a few of the
important actors at the O Landfill. Residents in the area perceive that
nei ghbor hood groups have acted the nobst responsibly with the nmedia al so
receiving a favorable response. The EPA, however, was not as well
perceived, and is now unlikely to be viewed as a credi bl e source since
residents ranked EPA nearly as |low as the operators of the A1l Landfill in
terms of how "responsibly" the agency had dealt with problens at the site.

Third, even though it has not been especially effective, much nore is
known about increasing subjective risk judgnents (e.g., risks of snoking,
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FIGURE 4.6
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risks of not using seat belts) than about decreasing risk judgnments.

Fourth, conmunications about issues with a high affective conponent
(e.g., the emotionality surrounding a landfill hazard issue) are often
msinterpreted and msunderstood. For these and other reasons a quick fix
via risk comunications for the attitudinal inflation of risk estimates is
i mprobable.  The potential elimnation of approximtely $13 nillion in
property value |osses would, however, justify considerable efforts to
change subjective risk estimates to nore realistic |evels.

4.9 Concl usi ons.

Wiile changing risk attitudes will not be easy, there are severa
studi es which suggest some optinmsm Hamond and his colleagues at the
Uni versity of Colorado (see Hammond and Adel man, 1976; Hammond et al. 1984)
have been successful in reducing disagreements about risk among experts and
then communicating the resulting judgnment about the risk to the public.
Exanpl es include public concern about a new police handgun bullet and about
possi bl e plutonium pollution froma nearby facility. Characteristics of
these successful efforts to reduce overestimted risks share the follow ng
attributes.

First, a citizen panel (such as the HELP group) selects a group of
i ndependent scientists to evaluate the risk. The danger at this stage is
that, all too often, the citizen's panel will want to becone technical
experts thenselves in order to make their own risk judgments. Their proper
role is representing comunity values and the procedure generally works
best if they stick to that.

Second, the group of scientists uses standard scientific and scholarly
procedures (e.g., references to referred journal articles, devel opnent and

defense of mathematical equations producing the risk estimate) to resolve
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their differences. Also of use in this stage are psychol ogical techniques
for studying judgments and techniques that help identify issues of

di sagreenent that need resolution. Contrary to the danger in the first
stage, the danger here is that the scientific experts will nake action
recomrendations for the community. Such recommendations necessarily are
based on both risk judgnents, which the technical experts should make, and
assunptions about community val ues, which the technical experts should not
meke.

Third, once agreenent on the magnitude of the risk is obtained (and
surprisingly such agreenment is al nost always obtained), the results are
communi cated to the public via the local media. Wat is communicated to
the public is the experts’ conclusion that the risk is either |ow or high
and a conparison of the risk to known, widely-accepted risks. For exanple
comparing the danger of plutonium enissions to smking or hospital X-rays.

Al t hough the above approach is not a panacea, it does offer a
reasonably inexpensive neans for attenpting to reduce subjective health
judgnents, which due to attitudes, overestimate the true risk. Gven the
magni t ude of potential benefits, the past success and relatively small cost
of such procedures justifies their use in an attenpt to change subjective

health risks.
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CHAPTER 5: RISK COVMUNI CATI ON @GUI DELI NES

5.1 Introduction.

Proper communication of the level of risk for a particular Superfund site
is a crucial conponent of successful community relations. Poor risk
comuni cation leads to confusion among conmunity nenbers as to the appropriate
| evel of concern about the hazards of a site and can al so produce unnecessary
di sagreenent within the community. Thus, poor or inadequate comunications
about risk can make an already difficult comunity relations problem even nore
difficult. This chapter describes characteristics of good risk communication;
all EPA and contractor personnel should always have these characteristics in
m nd when devel oping any communication about the hazards of a site. This
chapter also nakes the inportant point that there are many indirect ways--for
exanpl e, the appearance of the site to community menbers--in which risk is
comuni cated.  EPA personnel nust carefully nonitor those indirect
comuni cations and make sure that technical contractors do not inadvertantly
communi cate inappropriate messages about risk levels through their actions.
The chapter concludes with a series of specific recomendations for
comuni cating information about the risks of Superfund sites.

There are nunerous situations in which the level of risk nust be
comuni cated to a comunity in which a Superfund site is located. Successful
ri sk communi cati on cannot be acconplished unless all aspects of conmmunity
relations are handled with care. Thus, all the guidelines from Community

Rel ations in Superfund-A Handbook apply to risk comunication as well. W do

not repeat those guidelines here but instead describe some principles for
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presenting information about |evels of risk, principles that apply to all
community relations situations.

It cannot be overenphasized that good risk comunication, as all good
communi cation, is a two-way process. Conmunity relations personnel nust learn
from nmenbers of the community their concerns and their beliefs about the risk
associated with a particular site. Conmmunity relations personnel have an
inportant role to play between the technical experts and the community. R sk
assessnents devel oped by off-site experts sonetinmes respond only to technical
characteristics of the site while unintentionally ignoring some community
concerns. For exanple, consider a site from which emts an unpleasant odor.
A technical expert mght know i mediately that the odor was not harnful and so
ignore it conmpletely in a technical report, instead concentrating on
chem cals, the nanes of which are probably unfamliar to the general public,
that mght be leaking fromthe site. The community would obviously be aware
of and concerned about the possible health consequences of the odor so a risk
comuni cation that did not explicitly address the odor problem would be
i nadequat e and unacceptable to the comrunity. Thus, risk communication nust
address all the concerns of a community, whether or not the technical experts
see those concerns as inportant.

It should be stressed that guidelines in this chapter apply to all risk
conmuni cation situations. Research has so far shown that the best ways of
communi cating risk are the sanme for experts and community | eaders as for the
general public. Thus, the same conmmunications should be given to everyone.
Not only is this nore efficient, but it also avoids the potential problens

that could be created by attenpting to give different infornation to different
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groups in the same conmmunity.

5.2 Credibility.

No communication enterprise can be expected to be successful if the
source of the information has not established credibility. If the source of
risk information is not credible, then it will have little chance of being
accepted. Conmunity concerns may in fact get exaggerated because the dubious
attitude toward the source will extend to the risk communication. Qbviously,
this situation could escalate, causing pernanent damage to community
relations. There are several steps that can help in establishing credibility:

1. Neutral, well-regarded experts should be appointed to assess the
risk. Scientists in the appropriate fields are especially good
candi dat es.

2. These experts should report to a credible I evel of governnent or to a
credible group of governnent officials. Oten the most local level is
most credible to the comunity, but this will vary with the site. If
no credible level of government exists, a citizen conmttee of
comunity |eaders can be used.

3. The credible governnent officials or citizen committee should release
the risk information to the general community, including the press.

Information should be released in a consistent manner. Care nust be
taken with the news nedia, especially, who can inadvertently cause distortion
in the risk perception by presenting inconsistent information and distorted
perceptions (please see Section 5.5).

The renmmining sections of this chapter will address how the Ievel of risk
of a site should be expressed to achieve the best understanding as well as
sone principles of risk perception that are inportant for Superfund and

contractor personnel to know when preparing information releases, developing a
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community relations plan, or planning on-site activities.

5.3 Overview of Ri sk Communication Principles.

There are a nunber of inportant factors that need to be considered in
communi cating risk; each factor will be addressed in detail in the remaining
sections of the chapter. The mgjor conponents in the formation of conmunity
risk beliefs for a Superfund site are

(5.4) Physical remnders around the site

(5.5) News nedia presentation of the risk,

(5.6) Community characteristics,

(5.7) Reaction to lowlevel risks,

(5.8) Characteristics of the risk, and

(5.9) The framng of losses and gains

The Chapter concludes with

(5.10) Use of exanmple risks, and

(5.11) Reconmendati ons.

5.4 Physical Rem nders.

Physical rem nders of the site provide an indirect but very powerful and
i nportant neans of communicating levels of concern to the community. Heavy
truck traffic to and fromthe site, heavy chain-link fences with large
i nposing warning signs, odors emtted fromthe site, discoloration of water,
and on site workers wearing protective "space" suits are all exanples of
physical remnders that inplicitly send a nmessage to the community about the
level of risk at the site.

Comunity relations personnel should neke a careful inventory of all the
physical remnders at a particular site. For those physical rem nders that

are nodifiable, the community relations officer should try to ensure that each
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physical remnder is appropriate for the actual level of risk. Regional
contractors as well need to be aware of physical remnders. For exanple, if
being at or near the site is not actually harnful then a nore discrete fence
such as hedging may be preferred to a heavy chain-link fence with large red
warning signs. Conversely, if the site is an old, famliar spot in the
community and the citizens have becone inappropriately careless about the
site, then an inposing fence with many warning signs will be critically

i mportant.

For those physical remnders that are not nodifiable, the community
relations officer nust ensure that the commnity has the proper information
necessary to understand the meaning of the physical renminder in terns of the
| evel of risk. Many physical reninders are very nmisleading indicators of the
true level of risk. As an exanple, in Colorado, iron contamnation from an
old mne that is now a Superfund site caused a poor taste and red color in the
drinking water of several downstream conmunities. Although the poor taste and
di scoloration were undesirable and clearly needed to be renedied, drinking the
water was, in fact, not likely to be harnful. However, the taste and col or
served as physical remnders of the iron contanmination and nmade many residents
fearful about drinking the water. A successful comunity relations effort
woul d have provided residents with the necessary infornation to understand
that the taste and discoloration were undesirable but not harnful.

The community relations officer nust also be particularly careful to
alert the comunity to any changes in the physical reninders. Unannounced
changes in the physical rem nders alnpst always send a nore extrene nessage
about the level of risk than is appropriate. For exanple, if decontamni nation
workers in protective clothing appear at a site unannounced, then the |evel of

community concern will immediately increase to very high levels. Even if
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the arrival of such workers is announced, |evels of comunity concern will
increase but the level of concern will generally be nore consistent with the
actual level of risk than if no advanced preparation had been done.

5.5 News Media Presentation of Risk.

The news nedia provide nmuch information concerning the risk level of a
site. For many citizens the newspaper, radio, and television are their
primary sources of information about the site. As in any good community
relations plan, it is essential that the news nmedia have advance announcenent
of all activities at the site. Also, the comunity relations officer nust
provide them with any background information that might be necessary to help
them and the public to interpret the reports from technical experts.

The community relations officer should be alert to a problemthat often
arises in comunicating risks to the public through the news nedia. It often
happens that soneone very concerned about the site who is not a technical
expert becomes an unofficial spokesperson for the group of citizens who are
very concerned. This person is always available for interviews with the news
media and is often eager to nmmke statenments about what they believe about the
risk posed by the site. To balance the sonetinmes exaggerated risk estimates
that may result, consistent information from credible sources (see Section
5.2) should be regularly available to the news nedia. It is of course
important that the credible source be independent of the control of the
Environnental Protection Agency.

5.6 Community Characteristics.

H gh levels of concern about risks are often associated with certain
community and individual characteristics. Know edge of these characteristics
can help Superfund personnel and contractors anticipate and prepare for
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difficult risk comunication situations, situations in which unwarranted
conflict may arise. This section identifies a nunber of personal and
denographi ¢ characteristics that are often associated with high | evels of
concern.

An obvious characteristic of great inportance is proximty to the site.
Residents living near a hazardous waste site will have higher |evels of
concern and will be nore skeptical of attenpts to comunicate levels of risk.

O der residents tend to have lower levels of concern about risks;
conversely, young adults tend to be nore sensitive to risks, especially new
ones. There are several reasons for this general association with age and
| ower levels of concern. (Oder residents living near a site have likely been
exposed to the risk for a long tinme wthout experiencing any significant
consequences; they may consider it to be benign. Al so, some older individuals
may feel that they have less tine left in which to suffer the consequences of
| ong-term exposure.

People with fanilies, especially those with young children, tend to have
higher levels of concern. People with children may have higher levels of
concern because they feel that they have “nore to lose.” Thus, many parents
with young children will likely be very concerned about a Superfund site.
Note that this very concerned group, because of famly responsibilities and
child care arrangenents, is unlikely to attend comunity neetings or
participate in other activities where risk information would be comuni cated.
Thus, community relations personnel must be creative in finding ways to
conmuni cate to this very concerned group.

Cccupation, income, ethnic background, and |evel of education have

generally not been found to have an appreciable effect on levels of concern.
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5.7 Reaction to Low Level Risks.

In planning risk comunication, it is inportant to understand how people
interpret and respond to information about risks, especially risks with |ow
probabilities but serious consequences. Virtually everyone--citizens, the
news nedia, community relation officers, and even many technical experts--have
difficulty with interpreting and responding appropriately to risks with |ow
probabilities. Low probabilities are those with annual odds on the order of 1
in 100 or less. It is quite common for the serious risks associated with a
Superfund site to be this low or |ower so the comunication problem will be
quite difficult. In this section we describe the likely responses to
communi cation about |ow probability risks.

When receiving new information about a |ow probability risk nost people
make one of two judgnents. Some judge the risk to be a serious threat to ,
them their famlies, or their property and so they have a high |evel of
concern. Others decide that the chances of the risk are so remote that they
dismiss the risk and act as if the probability of the hazard is zero.

It is often difficult to find grades of concern between these extrenes
for low probability risks; either people are very concerned or they are not
concerned at all. Thus, people often do not nmke distinctions between |ow
| evel risks, especially when risk levels are presented in terns of powers of
ten such as 10°. Although a risk of 10-5 is 1000 times nore likely than a
risk of 10°® and although the level of concern should be about 1000 times
greater, nost people will make very little distinction between such risks.
Either they will be very concerned or they will dismss the risk as too
unlikely to worry about.

The disparity in the two types of responses to information about |ow
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probability risks has obvious inplication for comunity conflict about a
Superfund site. One group of citizens will be very concerned and so will be
motivated to attend public hearings, wite letters to the newspaper, circulate
petitions, file lawsuits, etc. Another group of citizens will be unconcerned
about the risk of the site but will become quite concerned about the
activities of the other group. They will see the other group as needlessly
“stirring up trouble” which, in their view, will result in unwarranted
publicity and decreases in property values. For exanple, at a Superfund site
in California, a concerned group of citizens fornmed an organization named
"HELP" ("Homeowners to Elimnate Landfill Problens”). This group was in turn
opposed by another group of honeowners who thought that HELP would only
succeed in reducing property values. To reduce comunity conflict about a
site, the community relations officer must be alert for possibilities to help
each group understand the other group’s concerns using techniques for conflict
resolution such as those presented in the Appendix.

The community relations officer should also be aware that in some sense
the response of neither group is appropriate. W nmake that statenent
cautiously because citizens are of course free to have whatever |evel of
concern they believe appropriate. However, it is often the case that the
responses of those in the very concerned group are inconsistent with their
responses to other risks with simlar probabilities and consequences. For
exanpl e, use of certain household and garden chemicals or activities such as
snoking may expose themto risks as large or larger than the risks posed by
the Superfund site yet they have little or no concern for those other risks.
It has been shown that experts do no better in their personal |ives dealing
with low level risks than the general public, so no individual or group is
imune to the problem of over or under reacting to low |evel risks. Sone of
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our suggestions presented in Section 5.10 for communicating risk levels
invol ve conparing the risk of the superfund site to conparable risks which are
more famliar.

Just as some people are overly concerned, there are others who are
conpl etely unconcerned but sonetimes ought to be nore concerned. People who
are unconcerned will be less notivated to heed warnings and to take
precautionary actions that may be tenporarily necessary for those living near
a Superfund site. For exanple, an unconcerned resident might ignore a warning
sign and trespass on a Superfund site because of good hunting or might not
foll ow precautions about contaninated drinking water.

Gven this infornmation about the tendency for people either to be over-
or under-concerned, the role of the commnity relations officer is to provide
the best and nobst appropriate information so that people can make their own
deci si ons. However, it will be nost helpful if the credible source and the
news nedia are provided with suggested actions (e.g., treatnment of drinking
wat er, avoidance of the site) that are appropriate for the level of the risk.
But in the end, the commnity relations officer nmust be prepared for the fact
that sone people will be concerned that the actions are not enough and others
will believe that they are too much.

It is also inportant for the commnity relations officer to understand
that when thinking about risk and unfortunate events, people often make
attributions about responsibility, attributions that are sonetines
unwar r ant ed. Blane for bad outcomes is usually attributed to sonething
specific even if there is no evidence to justify such blane. This tendency to
bl ane something in particular is especially true if there is already a
comunity “bad guy.” For exanple, the Superfund site or the former ‘operator
of the site may be labelled as this bad guy so that the blame for many random
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events actually unassociated with the site will be attributed to the site.
Thus, the cause of an otherw se unexpl ai ned cancer death of a resident |iving
near the site or of a former worker at the site will alnost surely be
attributed to the site. Adverse pregnancy outcones, the real cause of which
is often difficult to determine, will also be attributed to the site

An interesting exanple of false blane is provided by reactions at a
Superfund site in California. An epideniological survey by the state health
departnment found an increased reporting of toothaches fromresidents Iiving
near the site. Even though there is no known biol ogi cal nmechani sm by which
anything at the site could cause toothaches, residents had a hei ghtened
awar eness of any adverse event and were quick to attribute it to the
nei ghbor hood bad guy--the Superfund site

When expressing levels of risk, conplicated mathematical expressions
(such as 10™°) shoul d be avoided. The comunity relations officer should
also avoid the tenptation to express the probability level in many different
but equival ent ways. For exanple, a risk could be phrased in ternms of how
many peopl e would be harned per 10,000 peopl e exposed (say, 2 in 10,000) or in
terms of how many would not be harmed per 10,000 people exposed (9,998 in
10,000). Doing so may seem nore conplete than presenting only one expression,
but so much information at the same time leads to confusions that can be fatal
to a risk conmunication enterprise. There have been cases of such information
being misconstrued and reported erroneously.

In sunmary, many problems may arise because people have difficulty in
understanding | ow probability risks. Community relations personnel nust try
to provide information about risks in a manner that will not increase
community conflict. An effective way to acconplish this is to conpare the |ow
probability risk to other familiar exanple risks. Precisely how to do this is

described in Section 5.10
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5.8 Characteristics of the Risk.

There are a nunber of characteristics about a risk or hazard other than
its probability or the seriousness of its consequences that influence response
to the risk. In order to anticipate risk commnication problens it is
important for community relations personnel to identify the relevant risk
characteristics associated with a particular Superfund site. It is usually
not possible to change these characteristics, but just as know edge of
community characteristics is inportant in predicting response to risk
information, so too is know edge of the risk’s characteristics. This section
describes a few of the inmportant characteristics of risks which help deternine
the level of concern.

The general effect of risk characteristics is to raise or |ower the |evel
of concern relative to conparable risks. Risks which tend to generate
relatively lower levels of community concern are famliar, well-known to
science, and undramatic. Conversely risks which tend to generate relatively
high | evel s of conmunity concern are unfamliar, not well-understood by
science, dramatic (in that many people might be killed or injured in a single
event), and contain an element of dread.

Let’s consider these characteristics in the context of typical Superfund
sites. Famliarity is often a very inportant issue. Sone sites are well
known to community residents; residents will have had many experiences wth
the site such as just driving by without experiencing any effects. Wth such
famliarity the level of concern will be nmuch lower than for a site which
poses a conparable risk but which has been covered up for many years and so
the risk was unknown to the comunity. Sinilarly, if the risk is well-known
or fanmiliar to science, it will usually generate lower levels of concern. For
exanple, if the risks at a site are due to chemcal or toxic naterials that
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are commonly found and nonitored in workplace settings and for which
acceptable levels have previously been established, concern will be relatively
| ower than for toxics that are not well-understood and for which scientists
are uncertain about acceptable levels. \Wether or not the consequences of the
risk are dramatic is also inportant. Some sites have risks where exposure now
will result in a fatal illness many years hence while other sites have risks
which are nore imediate. Finally, there are some risks that people sinply
dread nore than others. Radioactivity and cancer-inducing toxics are
especially dreaded. So, even if the scientific estimates of the probability
of harm were the same at two sites, the site with even small anounts of

radi oactivity or cancer-inducing toxics would produce a much higher |evel of
concern in the community.

The task of risk comunication therefore depends somewhat on the risk
characteristics. If a site has characteristics which produce relatively high
| evel s of concern, then the comunity relations officer will need to provide
information that will help residents place the risk in its proper context. On
the other hand, if a site has those characteristics which produce relatively
| ow levels of concern, then the community relations officer nust take specia

care to alert residents that a real risk does exist so that they will be
motivated to take necessary precautionary actions.

5.9 The Framing of Gains and Losses.

In preparing communications about risks associated with a Superfund site
it is inmportant to determne whether the level of risk being comunicated will
be viewed by residents as an increase or decrease in the level of risk. That
is, each resident will have sone prior belief about the riskiness of the site
any risk conmunication will be responded to differently depending on whether
the riskiness being comunicated is higher or lower than that prior belief.
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This is inportant because a perceived increase in risk will have between three
and ten times the psychological inpact on the level of concern because it is
perceived as a |oss than an equivalent reduction in risk which is perceived as
a gain. Going fromthinking you are safe to believing you are unsafe makes
people a lot nmore unhappy than going from unsafe to safe nmakes people happy.

In the context of Superfund sites, for exanple, inforning residents about
an old waste site in their neighborhood about which they had no awareness will
create a great deal of unhappiness because it is an increase in perceived
risk and viewed as a loss. Conversely, telling people who have worried a |ot
about a known site for many years that the site is in fact very safe, even if
they were to believe it, would not increase their happiness a great dea
because it is a decrease in risk and viewed as a gain. This means that
inform ng people about new risks and hazards nust be done very carefully and
that informng people about reductions in old risks is not likely to have nuch
i npact .

There are two inportant ways in which a risk level can be viewed as a
change relative to the current perceived level: (a) the probability or
l'i kelihood of a hazard event nmay increase and/or (b) the consequences or
severity of a risk may increase. Even slight increases in either or both wll
cause high levels of commnity concern while noderate or even large decreases
in either or both will only slightly reduce levels of conmmunity concern

5.10 Use of Exanple Risks.

The previous sections have outlined the problems that nust be addressed
in any risk comunication enterprise. Risk comunication is broadly defined
as both the physical remnders that are present at any Superfund site and the
conmuni cation enterprise undertaken by the comunity relations personnel. It

is inportant that both types of communication be nonitored; too often only the
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latter is given careful consideration. As noted in Section 5.6, community
relations personnel nust also be alert to characteristics of the commnity and
to characteristics of the risk that will make risk conmmunication nore or |ess
difficult. Wth that context of the difficulties of risk communication, this
section describes a useful strategy for the accurate and understandable
communi cation of levels of risk.

As noted in Section 5.8, sonme risks are better understood than others.
Wel | -understood risks can be used to great advantage as a tool to help people
understand new risks such as those posed by a Superfund site. This is nost
effectively done in a conpare/contrast manner; for exanple, a lowlevel Iung
cancer risk posed by the site is presented with and conpared to a high-Ieve
exanpl e risk, such as snoking. Explaining how much lower the site risk is
than smoking hel ps the concerned citizens place the site risk in perspective
thus helping promote an appropriate level of concern. Fanmiliar risks with
conparable levels of risk can also be presented. For example, |owleve
exanpl e risks such as x-rays or saccharin may be presented in conjunction wth
anal ogous lowlevel site risks. Naturally, care nust be taken that
conmpari sons between risks are scientifically valid, and it is especially
hel pful if the exanple risks have many characteristics (see Section 5.8) in
common with the site risk (such as the lung cancer exanple, above).

A particularly good procedure for using exanple risks is the risk
| adder. Instead of a few exanple risks, the ladder contains many types and
levels of risk, arranged on a risk scale. An exanple of a |adder that has
been particularly useful for these situations is given in Figure 5.1. The
risks on the ladder are generally well-understood risks, presented with their
actual risk level. The site risk can be added to the ladder, in its. proper

place in conparison to the exanple risks, and the |ladder can be presented to

concerned citizens. This procedure is much nore effective than presenting the
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risk by itself because context has been established. Thus, citizens can view
the risk in a nore natural, real-world context.

Two very inportant guidelines nust be followed when exanple risks and
| adders are used. First, the exanple risks thenmselves must be well-understood
risks that do not cause inappropriate |levels of concern on the part of the
public. Thus, risks that are considered unknown or dreadful (see 9.7) are
i nappropriate as exanple risks. It would be unwise, for exanple, to use
nucl ear war or AIDS as example risks. Better risks are those given on the
risk |adder (Figure 5.1).

A second inportant guideline concerns the choice of |adders versus one or
two exanple risks. It should be renenbered that the |adder, while effective,
takes time to read and understand, and woul d be cunbersone for the media, for
exanple, to use effectively. It is better to present one or two appropriate
exanpl e risks, explaining in detail the nature of the conparison and repeating
the risk levels to make sure they have been understood. Otherwise, it is
possible for a msunderstanding to arise, and the high-level contrast exanple
risk (e.g., snoking) could be construed as analogous to the site risk, thus
confusing and alarmng citizens.

Exanpl e risks, then are an effective tool for communicating risks. A
risk ladder of many risks is especially useful, but only for situations in
which it would not be cunbersome. Finally, exanple risks nust be chosen
carefully, or risk perception will be further confused.

5.11 Reconmendati ons.

This section will refer to the guidelines already established in previous
chapters. The purpose of these recommendations is to give sone exanples of
ri sk comunication situations, and to suggest effective ways of perfornmng

ri sk communication in those situations.
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FIGURE 5.1

ANNUAL CHANCE OF DEATH

(Unless otherwise specified, risk is for one year of exposure)
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1

The neutral, well-respected group of risk experts (scientists,
usually) that is chosen to assess the site should report to a credible
| evel of government. Sonetines, however, trust has deteriorated, and
no governnent body in the area is considered credible. In this case
a citizen committee should be formed. The risk experts then report to
these respected citizens, and the citizens comunicate the risk to the
comunity at |arge
Certain comunities or neighborhoods, especially those with young
families, will be nore likely to have very high levels of concern
These areas should be targeted for careful communications, renmenbering
that these families are the least able to participate in traditiona
public hearings.

Information about levels of risk should be expressed in concrete
ternms, using exanple risks or the risk |adder. Also, physica
rem nders should be monitored so that they communicate a level of risk
consistent with the actual level of risk
The news nedia easily can inadvertantly become a catalyst for
i nappropriately high levels of concern. To prevent this, conplete and
consistent information should be provided to the news nedia, starting
as early as possible before the news nedia's beliefs have been forned
and reported. If the news nedia neverthel ess begins to escalate
concern on the part of citizens, the risk comunication officials nust
increase the effort to counteract misleading information. For
exanple, if non-experts are interviewed, then experts should become
available to the news nedia, providing accurate information and
addressing the non-experts’ information. Exanple risks should also be

provi ded, although too nany exanple risks (as in a risk ladder) could
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be counter productive given the brief coverage typically provided by
the news nmedia. In all risk comunication enterprises, probability
phrases should be utilized with caution. Low probabilities are
especially problematic; probabilities at or below one in one hundred
are poorly understood. Expressing long-range probabilities (the risk
over a period of many years, for exanple) is often hel pful because it
brings the probability level to a better-understood range. Al so,
pairing probabilistic information with exanple risks and risk |adders
hel ps citizens put the nunbers in context.

Conpl i cated mat hematical expressions (such as 10™°) shoul d be avoi ded,

as should too many pernutations of numeric information.
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Science, Values, and Human

Judgment

Integration Of facts and values requires the scientific

study of human judgment.

Kenneth R. Hammond and Leonard Adelman

Scientists and policy-makers are un-
certain how scientific facts are to be
integrated with social values. For their
part. scientists are uncertain whether
their contributions should be restricted
to presenting the facts. thereby leaving
the policy judgment entirely to the politi-
cal decision-makers. or whether they
should also advise politicians which

course the scientist believes to be best.
And politicians. for their part are uncer-
tain how much scientific information
they are supposed to absorb. and how
much dependence they should place on
scientists for guidance in reaching a judg-
ment about policy (1). As a result. "the
scientific community continues its seem-
ingly endless debate about the role of

science and scientists in the body poli-
tic” (2).

One principal reason for the "endless
debate” is that scientific progress has
increasingly come to he judged in the
context of human values. These judg-
ments find their ultimate expression in
the forming of public policy because it is
during that process that the products of
science and technology are integrated. or
aligned. with human values: it is during
that process that scientific and tech-
nological answers to questions of what
can be done are judged in the content of
what ought to k done.

The key element, therefore, in the
process of integrating social values and
scientific facts is human judgment—a
cognitive activity not directly observable
and generally assumed to he recoverable

Dr. Hammond is professor of psychology and
director of the Research Program on Human Judg-
ment and social Interaction. Institute of Behavioral
Science. University of Colorado, Boulder 80309. Dr.
Adelman is a research associate in the Research
Program on Human Judgment and Social Inter-

action.
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only by (fallible) introspection and “self-
report.” These characteristics. among
others. have led to the general belief that
human judgment is beyond scientific
analysis and therefore little has been
learned about the cognitive activity that
produces crucial decisions. The in-
tegration of social values and scientific
information in the effort to form public
policy remains largely a mystery.

The fact that an essential element in
the policy formation process remains a
mystery has serious consequences. one
of which is a search for safeguards.
Means must be found to avoid both poor
judgments and self-serving judgments.
TWO general methods have been recom-
mended by scientists for these purposes:
(i) the adversary method. in which scien-
tists with differing judgments are pitted
against one another in front of a judge or
jury, or both, and (ii) the search for and
use of scientists who have somehow
gained a reputation for wisdom in the
exercise of their judgment. Neither of
these methods provide enlightenment
with regard to the judgment process that
produces the ultimate decision. Con-
sequently. we reject both methods be-
cause they are "ascientific”: they leave
the body politic at the mercy of a cogni-
tive activity which remains as much a
mystery as ever.

We contend that policy judgments can
be brought under scientific study and, as
a result a process that is now poorly
understood can be examined, under-
stood. assisted, and thereby improved.
To support this contention we describe a
scientific framework for integrating (i)
scientific information (the province of
scientists) and (ii) social value judgments
(the province of the electorate and their
representatives) in a manner that is scien-
tifically. socially, and ethically defen-
sible. and offer an example of its use.
First, however, we briefly consider two
contrasting viewpoints concerning the
role of science and scientists in the body
politic.

Contrasting Viewpoints of the
Role of the scientist

There arc two main viewpoints: one is
that scientists should merely present un-
biased information, while the other is
that scientists should provide advice
with regard to the implications of scientif-
ic information. The first view can be
illustrated by the comments of Phillip
Handler, president of the National Acad-
emy of Sciences (NAS), in an interview
with Otten, of the Wall Street Journal.
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Often (3) writes; “Once the scientific
community has presented the facts. how-
ever, it must leave final decisions to the
policy-makers and the public. Mr. Han-
dler asserts. “Science can contribute
much 10 enhancing agricultural produc-
tion. but American policy with respect to
food aid is not intrinsically a scientific
guestion.” Similarly. science can study
whether energy independence is techni-
cally feasible or whether Soviet under-
ground nuclear tests can be detected, but
[Handler] insists. [scientists] must then
let regular policy-makers decide whether
to try for energy independence or just
what arms control proposals to put to the
Russians.” Often concluded that “Both
science and government seem well
served by this reasonable man.”

Handler’s viewpoint as represented in
the above quotation is exactly in accord
with the two Executive Orders (1918.
1956) concerning the role of the National
Research Council. These documents in-
dicate that scientists are to render infor-
mat ion to those who are entitled to re-
ceive it. but they do not imply that scien-
tists should offer their judgment as to
what public policy should follow from
their studies.

In practice it may be impossible not to
offer such judgments. With the ever-in-
creasing reliance of society on science
and technology it is difficult to imagine
how modern scientific information could
be conveyed to nonscientists without
providing such judgments. In a recent
editorial in Science, Boulding (4) argued
that if policy judgments were not offered
by scientists. they would be demanded by
politicians.

Every decision involves the selection among
an agenda of alternative images of the future.
a selection that is guided by some system of
values. The values are traditionally supposed
to be the cherished preserve of the political
decision-maker, but the agenda. which in-
volves fact or at least a projection into the
future of what are presumably factual sys-
tems, should be very much in the domain of

science. . . . LBut] if the decision-maker sim-
ply does not know what the results d alterna-
tive actions will be, it is difficult to evaluate
unknown results. The decision-mob wants
to know what are the choices from which he
must choose [italics ours].

Toulmin (5. pp. 102-103) goes further
than Boulding. Whereas Boulding notes
that politicians may demand policy judg-
ments from scientists, Toulmin argues
that it may be part of the scientists.
responsibility to offer policy judgments
before such judgments are requested by
political decision-makers. Thus. “In the
early days. the picture was always of the
politician as the man who first formu-
lated for himself questions about the po-

litical options. about the choices he had
to make: on this view, he subsequently
turned to people called “technical advi-
sors and asked them how to do this or
that, how much each option would cost.
and so on. A 101 of people still see the
relationship between the scientist or
technologist and the politicians on this
model. . . .”” But. Toulmin observes.
" . . even during [World War Il] scien-
tists were being transformed into people
who could very often see a fresh range of
policy options before the politicians
could.” Significantly. Toulmin notes that
“To some extent, the institutional rela-
tionships between politics and science
have not yet caught up with this
change.”

Thus, Toulmin points out that the deci-
sion-maker not only wants to know “the
choices from which he must choose.” as
Boulding put it, but he also wants to
know which choice the scientist thinks
he should choose. Senator Muskie's call
for a “one-armed scientist” (one who
would not qualify his advice with “on
the other hand”) exemplifies the politi-
cian's demand for an unequivocal an-
swer to the question of what ought to be
done as well as to that of what can be
done.

This situation has not escaped the at-
tention of students of the role of scien-
tists in the formation of public policy.
The presence of, the demand for and the
exercise of value judgments has led to a
sharp focus on the values and thus on
the motives of the scientists who partici-
pate in the preparation of NAS reports
that affect public policy.

The Focus on Scientists and Their Motives

In his book The Brain Bank of Ameri-
ca (6. p. 54) Boffey attributes self-serv -
ing motives to scientist who provide
information and advice to the govern-
ment within the framework of NAS com -
mittees, and thus questions their objec-
tivity and honesty. For example:

The Academy claims that the most distinctive
feature of its committees is that they are inde-
pendent of any pressure of special inter-
ests. . .. But the Academy 's record in recent
years suggests that its protestations of Su-
preme Court impartiality should not be taken
at face value. In actual practice many of the
Academy's reports have been influenced by
powerful interests that have a stake in the
questions under investigation.

Boffey admits, however, that "We
found no cases of direct, personal con-
flict of interests at the Academy—no cas-
es, for example. where a committee
member profited financially as a direct



result of the advice he rendered" (6. p.
54). The charge that “many of the Acad-
emy's reports have been influenced by
powerful interests” is directed toward
the broader social and political motives
which he claims influence scientists'
judgments.

The NAS has already accepted the
principle that the motives of scientists
must be examined. Boffey (6, p. 87)
notes with approval that the NAS de-
mands a “bias statement” from the sci-
entists who provide information to the
government. a report that is intended to
reveal one's true interests, as may be
inferred from a list of “all jobs. consul-
tantships, and directorships held for the
past 10 years. all current financial inter-
ests whose market value exceeds
$10,000, or 10 percent of the individuals
holdings: all sources of research support
for the past five years. and any other
information.” such as public stands on an
issue which ‘might appear to other rea-
sortable individuals as compromising of
your independence of judgment. " Thus
the NAS has already fallen victim to the
ethic of the lawyer (and the journalist).
Trust no one. is the rule. unless they can
offer this negative proof: I am not now.
nor have | ever been. under the control
of any incentive to lie. cheat. or other-
wise compromise my judgment. Where-
as this approach may begin with a
request for a “self-report™ on sources of
bias. it seldom ends there, as scientists
know all too well. Investigation is under-
taken by others. and by other means.
precisely because the focus has been
successfully turned away from methods
to persons and their motives.

The results of the focus on persons
and their motives can be seen in Poisby’s
review (7) of Boffey”s book. Poisby in-
dicates what the results might have been
had he taken ii similar approach in his
review by raising suspicions about Bof-
fey’s impartiality and thus his motives.
That is. by using "Boffey's own primary

result of such mutual destruction. Bof-
fey's approach, he concludes, "is only
good for so much mileage. . . . Arbi-
trarily imposing the symmetrical assump-
tion . . . that Boffey and the Academy
arc both fatally incapacitated by conflict
of interest has the effect of condemning
both the Academy and the book out of
hand” (7. p. 666). In short. because nei-
ther the critic nor those criticized can be
trusted. the reader, the consumer, and
the public remain buried in doubt as to
where the truth lies. Thus. Poisby ac-
knowledge that, “After reading The
Brain Bank of America | do not know
what to think about the Academy as an
organization for evaluating the state of
scientific knowledge” (7. p. 666). In all
likelihood. Poisby is not the only reader
of Boffey”s book who no longer knows
what to think about the Academy.

It is precisely because scientists have
learned that it is not only fruitless, but
harmful. to focus on persons and their
motives that they have learned to ignore
them in their work as scientists. When
scientists look for the truth and the troth
appears to be in doubt. neither scientific
work nor the scientific ethic requires the
investigation of the characteristics of the
person working on the problem: instead.
they require the analysis of the method
by which the results are produced. Un-
fortunately. in the confusion of t he “end-
less debate” there has been a tendency
to forget the scientific procedure and its
associated ethics. The focus on persons
and their motives . has led not only to the
filing of bias statements but to the advo-
cacy of the adversary method for the
settlement of disputes about the truth--a
method which is ascientific not only in its
procedure. hut in its greater commitment
to victory rather than to truth.

Scientists as Adversaries

The concept of a “'science court”

method of demonstration: a glance at reached Congress several years ago

somebody’'s background gives a ‘motive”
for selected characteristics of his per-
formance.” Poisby finds that “Boffey”s
employer for the writing of this book was
Ralph Nader (identified as “consumer
champion Ralph Nader” on p. 186). who
of late has gotten rather heavily into the
business of sponsoring exposes of estab-
lishment-type establishments. . . . Under
these circumstances of employment.
could Boffey have done other than to
produce an attack. no matter how flim-
sily founded. on the Academy?” (7. P.
666).

Poisby’s review shows the customary

when Kantrowitz (8} urged that members
of Congress “appoint a science advocate
for (each) side of the story. . . ."He
further suggested that a procedure be
worked out which would be “modeled
on the judicial procedure for proceeding
in the presence of scientific con-
troversy.” The final judgment would be
exercised by a group of scientific judges
who would cross-examine each other
and challenge each other’s position. Kan-
trowitz’s argument is currently y being giv-
en serious consideration by members of
the scientific community. Physics Today
(published by the American Institute of

Physics) recently indicated that a science
court was worth trying, as did H. Guy-
ford Stever, director of the National Sci-
ence Foundation (9).

Members of the scientific community
are not unanimous. however, in their
appraisal of the value of the adversary
system. as the following interchange be-
tween Platt. Dror. and Waddington in a
Ciba symposium indicates (10. p. 210):

PLATT: In the U.S. . . . we are beginning to
have something called “adversary science."
where scientists speak on public issues. doing
their best like lawyers for a particular side.
and then in a later case perhaps doing their
best for the opposite side. The hope is that in
this kind of open confrontation as in a court
of law one comes closer to the truth than by
having just | accidents of committee structure
or unanswered polemics decide the matter.

WADDINGTON: | would strongly oppose that
way of advancing science.

PLATT: But somebody should make the total
case for a nuclear plant. and somebody should
make the total case against the plant for envi-
ronmental reasons. so that we can see all of
both sides before we decide.

DROR: Why shouldn't the two sides make
two balanced presentations for and against?
Why total . . .?

PLATT: Do you know a better system?

DROR: Yes, reliance on professional judges
in courts and careful policy analysis on televi-
sion for the public.

PLAIT: Who judges the judges?

DROR: Who judges the juries?

WADDINGTON: That is a piece of politics, not
a piece of learning. Learning is not advanced
by legal procedures.

The above interchange not only in-
dicates a divergence in viewpoint with
regard to a science court and illustrates
the morass (Who judges the judges? Who
judges the juries?) into which scientists
can be drawn because of the focus on
persons but it also points to the unpro-
ductiveness of the effort Even if the
concept of a science court were to be
accepted by scientists and even if scien-
tists could be persuaded to make the
“total case for (say) a nuclear plant”
(10. p. 201). the adversary procedure
would indicate only who had been
judged to be the winner in the arena of
competing scientific facts and Scientific
judgments. integration of scientific judg-
ments with social values would remain
buried in the minds of the judges and the
juries (and their judges): the “endless
debate” would not be terminated.

It remains to be seen whether a sci-
ence court with its judges and juries and
its ascientific adversary proceedings in
which one scientist is pitted against an-
other will be accepted by scientists. In
any event. scientists not advocating the
adversary method recommend a differ-
ent ascientific method the person-ori-

ented approach.
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Scientists' Advocacy of the
Person-Oriented Approach

When scientists have addressed them-
selves to the function of human judgment
in policy formation they have treated the
unexamined intuitive abilities of persons
as t bough they were somehow superior
to the scientific method. For example. in
its report on technology assessment to
the House Committee on Science and
Astronautics. the Committee on Public
Engineering Policy (COPEP) of the Na-
tional Academy of Engineering observed
(11. p. 17) that “applying only cause-
effect [i.e.. scientific] methods to tech-
nology-initiated studies produces a mass
of data but few broad conclusions.” Ap-
parently assuming that it had no other
recourse the committee called for “. . .
contributions of talented individuals or
groups who can intuitively perform anal-
ysis and evaluations . . . ." an approach
which “demands an integrated com-
bination of information and value judg-
ments that cannot always be formulated
explicitly.”

Not only does the COPEP report illus-
trate the advocacy of a person-oriented
approach to the combination of “infor-
mation and value judgments" that ap-
peals to the mysterious as a substitute
for the scientific method. it provides a
clear case of the failure to recognize that
it is precisely such person-oriented
“combinations of information and value
judgments that cannot always be formu-
lated explicitly” that are defenseless
against charges of self-serving bias.

Skolnikoff and Brooks (12) were criti-
cal of the NAS study of science and
public policy-making because it sug-
gested that persons who provide science
advice should have personal qualities of
“intelligence wisdom judgment hu-
manity and perspective” on the ground
that "These qualities are so obviously
desirable for anybody in a high position
that they are hardly helpful criteria.”
Yet they are as willing as COPEP or the
NAS committee to let the process of
combining tacts and values remain sub-
ject to the unexamined vagaries of hu-
man judgment. For example (12. p. 38):

Judgment on both technical and nontechnical
issues | and on their interaction is thus required
[on policy issues]: a logically reasoned single
answer is not possible. Judgment is necessari-
ly affected by biases policy preferences.
ignorance differing estimates of the non-
technical factors and other vagaries. There is
nothing wrong with this: it is unavoidable.

But there is something wrong with
this. and this situation is avoidable.
What is wrong is that both solutions
indicated above focus on persons rather
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than on method. and both confuse scien-
tific and valuative judgments. That is bad
practice: it is bad for scientists. bad for
leaders in government. and bad for the
public that both are trying to serve. It is
bad because it condones and encourages
confusion of thought and function. sub-
stitutes an appeal to the unknown in
place of the knowable. and makes scien-
tists easy targets for charges of self-serv-
ing bias. The argument advanced by
Skolnikoff and Brooks merely puts a
brave face on a bad situation. for they
imply that because scientific and valu-
ative judgments cannot be separated
there is nothing wrong with confusing
them. That argument suggests that if
such judgments could be separated. it
would be wrong to confuse them. We
argue that. from the point of view of
science. it is not impossible in principle
or in practice to achieve such a separa-
tion (13).

A scientific approach toward the role
of judgment would be quite different
from the person-oriented approach that
is embedded in the adversary system, A
scientific approach would emphasize
that judgment is a human cognitive activi-
ty and is therefore subject to scientific
analysis. as arc all natural phenomena.
The premises of a scientific approach to
the relation of science to public policy
are: (i) human judgment is a critical part
of the policy-making process: (ii) it is a
part of the process that remains poorly
understood: and (iii) it might well be
improved through scientific study. Rath-
er than searching for persons who pos-
sess mysterious talents, or indicating
that the present situation is unavoidable.
the scientific approach to this problem
would be similar to the scientific ap-
proach to all problems: carry out theo-
retical and empirical analyses of the pro-
cess in a manner that is subject to criti-
cism and that provides cumulative
knowledge.

The remainder of this article (i) pro-
vides an example that illustrates the so-
cial costs of employing the adversary
system and the person-oriented ap-
preach and (ii) outlines a scientific frame-
work for integrating scientific informa-
tion and social values in the formation of
public policy (14).

An Example of Contrasting Approaches

In 1974, the Denver Police Depart-
ment (DPD), as well as other police de-
partments throughout the country. decid-
ed to change its handgun ammunition.
The principal reason offered by the po-
lice was that the conventional round-

nosed bullet provided insufficient “stop-
ping effectiveness” (that is. the ability to
incapacitate and thus to prevent the per.
son shot from firing back at a police
officer or others). The DPD chief recom-
mended (as did other police chiefs) the
conventional bullet be replaced by a hol-
low-point bullet. Such bullets it was
contended. flattened on impact. thus de-
creasing penetration. increasing stopping
effectiveness. and decreasing ricochet
potential.

The suggested change was challenged
by the American Civil liberties Union.
minority groups. and others. Opponents
of the change claimed that the new bul-
lets were nothing more than outlawed
“dum-dum” bullets. that they created
far more injury than the round-nosed
bullet. and should. therefore. be barred
from use. As is customary judgments on
this matter were formed privately and
then defended publicly with enthusiasm
and tenacity, and the usual public hear.
ings were held. Both sides turned to
ballistics experts for scientific informa-
tion and support.

Adversary, Person-Oriented Approach

From the beginning both sides focused
on the question of which bullet was best
for the community. As a result of focus-
ing on bullets and their technical ballis-
tics characteristics. legislators and city
councilmen never described the social
policy that should control the use of
force and injury in enforcing the law:
they never . specified the relative e impor-
tance of the societal characteristics of
bullets (injury stopping effectiveness or
ricochet). Instead. the ballistics experts
assumed that function. When the legisla-
tors requested their judgment as to
which bullet was “best.”. the ballistics
experts implicitly indicated the social
policy that should k employed. That is
in recommending the use of a specific
bullet. they not only implicitly recom-
mended specific degrees of injury. stop-
ping effectiveness. and ricochet but also
recommended a social policy regarding
the relative importance of these factors.
In short. the legislators. function was
usurped try the ballistics experts who
thus became incompetent and unauthor-
ized legislators-incompetent because of
their lack of information about the social
and political context in which a choice
would be made: unauthorized because
they assumed a function for which the!
had not been elected.

In parallel fashion. the ballistics ex-
perts turned their scientific-technical
function over to those who should have



formed social policy-the legislators.
When the experts presented scientific
information to policy-makers about vari-
ous bullets, they found themselves dis-
puting ballistics data with legislators who
preferred a different type of bullet. Thus.
the legislators, none of whom were ballis-
tics experts in their turn served as in-
competent ballistics experts in the hear-
ings.

When legislators and scientists accept
the adversary system with its con-
comitant person-oriented approach as
the primary means for integrating sci-
ence and social values, they may expect
to find a reversal of roles, and when
scientists accept the person-oriented ap-
proach they may expect to be confronted
by challenges to their objectivity y (15).
The outcome is well represented by the
comment of one legislator who said to an
opponent (16): “You have your expert
and we have ours. . . .”

A Scientific Approach

We now consider. by way of an ex-
ample, a scientific method for integrating
scientific information and social values
that is scientifically. socially. and ethical-
ly defensible. This method was em-
ployed in solving the dispute about hand-
gun ammunition for the police as de-
scribed above. A broad outline of the
method is presented (17).

The general framework of the method
as it was applied to the above problem is
shown in Fig. 1. Basic to any policy
involving scientific information are objec-
tively measurable variables (Fig. 1. left).
Scientific judgments regarding the poten-
tial effects of technological alternative .
are also required (Fig. 1. middle). Final-
ly. social value judgments by policy-
makers or community representatives
are necessary (Fig. 1. right). The overall
acceptability of an alternative is deter-
mined by how closely its potential ef-
fects satisfy the social values of the com-
munity.

Application of this framework to the
bullet dispute involved three phases: (i)
externalization of social value judg-
ments: (ii) externalization of scientific
judgments: and (iii) integration of social
values and scientific judgments. Each
phase is discussed in turn.

Phase 1: Externalizing Social
Value Judgments
The participants in phase included

the mayor and city council other elect-
ed officials representatives of the DPD

(including the chief). and official repre-
sentatives of community organizations.
including minority groups and members
of the general public. Each person was
asked 10 make judgments concerning the

relative desirability of hypothetical bul-
lets, described in terms of their (i) stop-
ping effectiveness, (ii) seventy of injury,
and (iii) threat to bystanders. These val-
ue judgments were made at the console
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of an interactive computer terminal. Af-
ter their judgments were made the par-
ticipants were immediately shown the
relative importance they gave to each of
these three functional characteristics of
bullets. That is, a statistical analysis was
carried out on the data and the results
were then displayed at the terminal for
the participant to observe (18). In addi-
tion. each participant was shown the
form of the relation (linear curvilinear)
between his or her judgment and each of
the three characteristics mentioned
above. in this way, each participant saw
the relative importance he or she at-
tached to stopping effectiveness. injury,
and threat to bystanders, as well as the
optimal point for each (a typical display
is shown in Fig. 2).

After viewing the display, the partici-
pants were asked if the results reflected
their considered judgment. The data cor-

tNJURY

rected when necessary, were then
stored, and a cluster analysis was carried
out in order to discover whether differ-
ent groups held different judgment poli-
cies. Widely differing policies with re-
gard to the relative importance of each
characteristic were found, although the
functional relations between bullet char-
acteristics and judgments were all found
to be approximately linear in form.

The above procedure presides objec-
tive, visible data not otherwise available.
The same procedure was used to exter-
nalize the required scientific judgments.

Phase 2: Externalizing Scientific
Judgments

A panel was assembled that included
one firearms expert, one ballistics ex-
pert and three medical experts in wound
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STOPPING EFFECTIVENESS

Fig. 3. the average rating of stopping effectiveness and injury are plotted above. Each point on
the graph represents a bullet. The diagonal line determined by linear regression analysis.
indicates the average value of injury for bullets with a specific level of stopping effectiveness.
Bullets above the line produce more injury than the average bullet with the same stopping
effectiveness bullets below the line produce less injury.
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Fig. 4. A schematic representation of the analytical combination of scientific facts and social

values.
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ballistics. The judgments of these ex-
perts provided scientific information re-
garding the stopping effectiveness. sever-
ity of injury, and threat to by standers of
80 bullets. The data for these bullets
were obtained from the National Bureau
of Standards. Each dimension (stopping
effectiveness, injury and threat to by-
standers) was judged separately for each
of the 80 bullets: agreement among the
experts was found to be quite high (19).
Only the results for stopping effective- -
ness and injury are summarized here. as
these were the central factors in the con-
troversy.

Three factors were found to be impor-
tant in judgments of slopping effective-
ness: (i) The maximum diameter of the
temporary wound cavity: (ii) the amount
of kinetic energy lost by the bullet in the
target: anti (iii) the muzzle velocity of the
bullet. The close but not perfect rela-
lion between stopping effectiveness and
injury (shown in Fig. 3) is reflected in the
fact that independent judgments of poten-
tial injury were positively related to the
amount of kinetic energy lost maximum
diameter of the temporary cavity and de-
gree of penetration.

The data in Fig. 3 are important be-
cause they suggest that contrary to pre-
vious. unexamined assumption there is
not a perfect relation between stopping
effectiveness and injury: increasing one
does not necessarily increase the other.
These data illustrate the value of scientif-
ic information by indicating the possi-
bility of finding a bullet that increases
stopping effectiveness without increas-
ing injury (20).

Phase 3: Integrating Social Values
and Scientific Information

Social value judgments and scientific
judgments were combined by means of
the equation in Fig. 4. where the separa-
tion and combination of the judgments
of policy-makers and scientist-tech-
nologists may be seen. We used the fol-
lowing algebraic form of this equation

”, = W1X1, + W2X2 + W3X3

where Y, is the overall acceptability of a
bullet: W,. j = 1.3. indicates the weight.
or relative importance policy-makers
placed on stopping effectiveness. injury.
and threat to bystanders: and X'.. j = 1.
3 are the experts judgments regarding
stopping effectiveness. injury and threat
to by standers.

Because phase | resulted in a variety
of different weights on stopping effective-
ness, injury, and threat to by standers.



the city council took all three factors in-
to consideration by placing | equal weight
on each. As a result, when considering
stopping effectiveness and severity of in-
jury only, the appropriate bullet is one
which lies farthest from the line of aver-
age relation in Fig. 3. this distance from
the line being measured perpendicularly
from the point to the line. Bullet 9 in Fig.
3 satisfies this criterion. It has greater
stopping effectiveness and is less apt to
cause injury (and less apt to threaten by-
standers) than the standard bullet then in
use by the DPD (bullet 57). In addition,
bullet 9 (a hollow-point bullet) is less apt
to cause injury than is bullet 17, the hol-
low-point bullet recommended by the
DPD. Bullet 9 was accepted by the city
council and all other parties concerned.
and is now being used by the DPD (21).

Finally. three points should be men-
tioned with regard to the application of
judgment analysis to the above problem,

1) Intense political and social conflict
existed prior to our participation in the
project. During the controversy a Den-
ver police officer was killed by a hollow-
point bullet: as a result, hundreds of po-
licemen staged a march that ended in de-
mands on both the police chief and the
governor that the police be permitted to
use hollow-point bullets. Members of the
city council and others seemed con-
vinced that the usual adversary methods
had failed, and that they faced a dan-
gerous impasse. The fact that the above
procedures were used in these circum-
stances indicates that elected officials
and special interest groups can accept a
scientific approach to critical social prob-
lems, even when they have become im-
mersed in sharp political dispute. More-
over, interviews with members of the
city council and others not only in-
dicated a high degree of satisfaction with
the procedure but appreciation of its im-
personal approach as well.

2) The procedures were applied to
complex technical judgments. As far as
we could determine at the time of the re-
search no standard quantifiable defini-
tion of severity of injury (with regard to
handgun ammunition) had ever been de-
veloped. Moreover, in developing such a
definition, and in making their judg-
ments, the ballistics experts considered
11 distinct characteristics of handgun am-
munition.

3) The procedure is general in nature.
Despite the apparent simplicity of the
framework presented in Fig. 4. judgment
analysis can be applied to a variety of
complex problems involving value judg-
ments and scientific judgments by differ-
entiating the elements in Fig. 4 in a hier-
archical fashion (22).

Scientific Defensibility

The above method is scientifically de-
fensible not because it is flawless (it
isn't), but because it is readily subject to
scientific criticism. It is vulnerable to
such criticism (i) because its aim is to
meet appropriate standards regarding
replication. quantification and logic for
the problem under study (an aim all sci-
entific efforts share) and (ii) because the
procedure for achieving that aim is pub-
lic (as all scientific effort must be). The
locus and degree of imperfection in meth-
od and procedure are thus available for
public inspection and subsequent im-
provement. In short, the process pro-
vides the opportunity for cumulative
knowledge, as scientific efforts should.

Social Responsibility

The above method is socially respon-
sible because it provides a public frame-
work for (i) separating technical. scientif-
ic judgment from social value judgments
and (ii) integrating them analytically, not
judgmentally. The separation phase per-
mits elected representatives to function
exclusively as policy-makers, and scien-
tists to function exclusively as scientists.
Neither role is confused or exchanged be-
cause policy-makers are not forced to be-
come amateur scientists, nor are scien-
tists required to make judgments on
public policy. The intergrative phase
provides an overt, rather than covert,
process for combining facts and values.
Because the social values in the commu-
nity are identified before the decision is
implemented, the decision process is not
seen to be a mere defense of a pre-
determined choice: rather it can be evalu-
ated in terms of its rational basis before
the final choice is made.

Ethical Standards

Ethical and scientific standards con-
verge in the process of combining facts
and values because both scientific ethics
and public ethics require controls against
bias. Scientific control against bias is il-
lustrated by the use of the double-blind
control in experiments: in the above pro-
cedure public control against bias is car-
ried out by a similar blindness. That is,
the method described above has the ad-
vantage of situating all parties (policy-
makers, scientists, and the public) be-
hind what Rawls (23. p. 136) calls “a veil
of ignorance.” It fits Rawls” requirement
that the participants should not "know
how the various alternatives [would] af-

fect their own particular case and they
are obliged to evaluate principles solely
on the basis of general considerations,"
in the approach described above, the
technical experts were not aware of the
relative importance the policy-makers
placed on the three societal character-
istics of bullets, nor were the policy-
makers aware of the technical judgments
made by the scientists-technologists in
regard to specific bullets. In short by im-
plementing Rawls” veil of ignorance,
both scientific and ethical standards
were met.

Conclusion

Current efforts to integrate scientific
information and social values in the form-
ing of public policy are confused and de-
feated by the widespread use of ascientif-
ic methods--the adversary system and
the person-oriented approach. The ad-
versary system suffers from an ascientif-
ic commitment to victory rather than
truth: the person-oriented approach suf-
fers from an ascientific focus on persons
and their motives rather than on the ade-
quacy of methods. The reason for the
widespread use of both lies in the failure
to recognize that human judgment can be
brought under scientific, rather than ad
hominem, analysis. The argument ad-
vanced here is that a scientifically so-
cially, and ethically defensible means for
integrating science and human values
can be achieved.
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